Development assistance for health (DAH) remains a significant and important source of health financing in many low and lower middle-income countries. However, this assistance has not been fully effective. This study explores the effect of currency exchange rate fluctuations on volatility of DAH in Zambia using a mixed methods approach. Data covering the period 1997-2008 were collected from various financial and programmatic reports, while six key informant interviews were conducted to validate and translate findings from the quantitative analysis. Results show fluctuations in the volume of funds disbursed to the Ministry of Health by donors due to changes in the exchange rates between non-US$ currencies and the US$, ranging from À11.1% to þ13.4% during the period 1997-2008. The overall effect was a loss of US$ 13.4 million over the period [1997][1998][1999][2000][2001][2002][2003][2004][2005][2006][2007][2008] which is equivalent to an annual average loss of US$ 1.1 million per annum. There were also fluctuations in the US$ amount that was converted to the Zambian Kwacha to fund districts ranging from À22% to þ22% over the same period. The monthly average loss that was incurred was US$ 302 214 per month, but large gains and losses were observed when individual months were analysed. Information from key informants suggest that currency exchange rate losses contribute to reductions in the health workforce, quantity and quality of health services, while currency exchange rate gains can contribute to reduced absorption capacity and/or low utilization of financial resources. The study concludes that fluctuations in currency exchange rates contribute to volatility in DAH, reduces financial stability and leads to unpredictability of DAH which ultimately affects health service delivery. For DAH to be effective, governments and donors should increase awareness and work systematically to mitigate currency exchange risks.
Introduction
In several low-and middle-income countries, development assistance for health (DAH) remains a significant and important source of health financing. For instance, between 1995 and 2014, low-and middle-income countries received US$ 423 billion of DAH, out of which US$ 113.6 billion or 27% was disbursed to sub-Saharan Africa (Dieleman et al. 2017) . But while aid is vital to reducing poverty and achieving human development in low-and middle-income countries, measures have to be put in place to ensure its effectiveness (OECD 2011b) . In this regard, through the Paris Declaration of 2005, development partners and recipient countries have agreed on a set of five principles that should be observed to improve aid effectiveness. These principles were reaffirmed at the high-level forum on aid effectiveness that was held in Busan in 2011. The principles are ownership, alignment, harmonization, managing for results and mutual accountability (OECD 2011b) . In the health sector, the Paris Since the implementation of the Paris Declaration and IHPþ, studies show that aid coordination efforts have contributed to improved health sector planning, increased budgeting and governance capacities and reduced fragmentation of health sector support (OECD 2011b; Chansa et al. 2014; World Health Organization 2014) . Despite these successes, other studies show that aid coordination mechanisms have not been fully successful in improving results and value for money in the health sector (Chansa et al. 2008) . Factors hindering aid effectiveness include inadequate donor alignment with country priorities and systems, difficulty in maintaining momentum once aid coordination mechanisms are in place and emergence of new donors (OECD 2012) . These factors can be further broken down into predictability, allocation, fragmentation and relationships between recipient governments and donors (MartinezAlvarez and Acharya 2012).
Predictability of aid has particularly been highlighted as a key challenge, as it has an impact on recipient governments' public financial management and ability to achieve development results and economic growth (OECD 2011a; Martinez-Alvarez and Acharya 2012) . In this regard, predictability of aid refers to differences between the amount of aid committed to a recipient country by a donor country or development institution and the actual amount of aid received (Pycroft and Martins 2009) . However, aid commitments are time bound, and therefore, aid is considered to be predictable when recipient countries are confident about the amounts and timing of disbursements (Pycroft and Martins 2009; OECD 2011a) . One of the key factors that influences predictability of aid is volatility in funding which refers to periodic variations in aid disbursements (Pycroft and Martins 2009) . Volatility in donor funding can be caused by several factors including currency exchange rate fluctuations, political and budgetary decisions by donors, administrative delays by donors and/or recipient countries, and factors outside the control of donors or recipients counties, i.e. deteriorating terms of trade and natural disasters (Gottret and Schieber 2006) . This article examines the effect of currency exchange rate fluctuations on volatility in DAH and how it affects predictability of DAH. This study is important because most of the previous studies on aid volatility have concentrated on analysing volatility of total aid disbursements (Bulí r and Hamann 2008; Hudson and Mosley 2008; Kharas 2008) rather than volatility of sector-specific aid, particularly DAH. This is despite the fact that at global level, DAH grew by 332% between 2000 and 2014 while health-specific aid as a share of overseas development assistance grew from 8% in 2000 to 17% in 2014 (Moon and Omole 2017) . Furthermore, earlier studies have focused on the effect of aid volatility on economic growth (Bulí r and Hamann 2008; Fielding and Mavrotas 2008; Hudson and Mosley 2008) , but there has been limited focus on currency exchange rate fluctuations which is one of the underlying factors for aid volatility. As observed by Ö stlund (2018), one often overlooked source of aid volatility is currency exchange rate fluctuations.
This study is motivated by the following factors: (i) DAH has grown significantly over the past two decades and is an important source of financing health care and improving health outcomes in low-and middle-income countries; (ii) a number of aid coordination and financing mechanisms have been established at global, regional, and national levels since the 1990s to improve aid effectiveness, but the underlying factors for volatility and unpredictability of aid have not been fully addressed. Further, in view of the fact that aid effectiveness is dynamic, and constantly influenced by global and national policies, macro-economic and fiscal factors and relationships between recipient governments and donors, it is important to undertake regular reviews on aid effectiveness to inform policy and planning.
This study focuses on Zambia, one of the pioneers of the Sector Wide Approach (SWAp) in the health sector globally. In brief, the Zambian health SWAp was conceived in 1993 in an attempt to make DAH more effective by pooling both domestic and external development assistance in a common 'basket'; delivering programmes in line with government aspirations and use of national systems for planning, financial management and reporting (Chansa 2009 ). For over two decades, Zambia has collaborated with external development partners (or donors) and used the SWAp as the main vehicle for coordinating development programmes in the health sector and as a means to achieve health systems goals and health outcomes. While the Zambia health SWAp has facilitated continued financial support to the health sector, division of labour among development partners, alignment of health programmes and a continuous dialogue among all stakeholders in the health sector, efforts to improve predictability of aid have been not been fully effective (Chansa et al., 2008) .
Methods

Research strategy
This study uses a single case research strategy that combines quantitative and qualitative research techniques. This research strategy was used because the aim of the study was to describe aid volatility and its effects in a real-life context. This is because aid volatility can cause aid to be unpredictable and is therefore an underlying factor for aid effectiveness. As observed by Yin (1994, p.13) , 'a case study is an empirical inquiry that investigates a contemporary phenomenon within its real-life context, especially when the boundaries between phenomenon and context are not clearly evident.' Second, the
Key Messages
• Although the Sector Wide Approach (SWAp) has facilitated continued financial support and regular dialogue among all stakeholders in the health sector in Zambia, there has been limited success in improving predictability of development assistance for health.
• Variations in the currency exchange rates contribute to reduced financial stability, unpredictable aid flows, funding gaps, and cause disruptions in health service delivery in Zambia.
• For DAH to be effective, governments and donors should increase awareness and institute measures to mitigate currency exchange risks during the design and implementation of aid programmes.
rationale for selecting Zambia as the setting for the case study is because it provides a 'revelatory case'. The authors had an opportunity to analyse the effect of currency exchange rate fluctuations on volatility of DAH in Zambia, an area that has been subject to limited scholarly interest although the problem is common in most aid recipient countries worldwide. Use of a single case study is justified on grounds of its revelatory nature given that an opportunity to evaluate a prevalent phenomenon previously unresearched arose (Yin 1994) . Zambia was used as a case study due to (i) the country's long history of aid coordination which dates back to the 1990s and (ii) high dependency on DAH estimated at 48% in 2012 (Ministry of Health 2017). Further, the natural experiment provided by pioneering and implementing the Zambia health SWAp in an incremental 'learningby-doing' manner (Lake and Musumali 1999) made it possible to investigate the topic within its real-life context.
Data collection
Before undertaking the study, approval was obtained from the Ministry of Health (MoH). Data collection was conducted over a 6-month period (February-August 2017) by reviewing secondary data sources and key informant interviews. Financial data covering the period 1997-2008 were collected from the MoH's financial receipts and expenditure database and semiannual financial ("basket") reports. During the period under review, several donors were disbursing money to the MoH through the SWAp "basket" fund that was being managed by the MoH. The major contributors to the "basket" fund were the governments of Sweden, Denmark, United Kingdom, the Netherlands, Ireland and Canada. Furthermore, financial data from the Global Fund and several other donors who were not disbursing to the 'basket' fund but whose funding was recorded and accounted for in the government's accounting system, and/or integrated into the MoH's annual plans and budgets and expost government financial reports were also collected and included in the study. Off-budget donor support that didn't meet these criteria were excluded from the study.
During the period under review, off-budget donor support as a share of total DAH was about 60% on average. However, the bulk of these funds were earmarked for HIV/AIDS, Malaria and TB particularly during the 2000s (MoH 2009). On the other hand, onbudget donor expenditure at district level as a share of total operational donor expenditure at district level was about 75% during the period under review. Considering that on-budget donor funding at district level is substantial, the analysis sufficiently reflects the effect of fluctuations in the US$ /ZMK exchange rate on health service delivery.
Minutes of past health sector advisory group meetings, monthly policy meetings, research articles and technical reports on Zambia were also reviewed. To obtain government's perspective and insights on aid coordination architecture and how fluctuations in currency exchange rates are managed in the public health system in Zambia, six key informant interviews with past/present officials from the MoH headquarters and one province (region) and the Ministry of Finance headquarters (Accountant General's Office) were conducted. These respondents were purposively selected based on (i) experience and vast knowledge on donor coordination, health planning and budgeting and financial flows in the health sector in Zambia; (ii) representation; and (iii) availability. In this regard, representation refers to involvement of multiple stakeholders from the Zambian government with adequate knowledge on health sector aid management aimed at getting diversified and informed opinions.
Specifically, the respondents comprised of three senior officers from the Accounts Unit at the MoH headquarters: one former MoH official from the Donor Coordination Unit, Department of Policy and Planning at the MoH headquarters; one MoH official from a Provincial Health Office (regional level) and one senior official from the Accountant General's Office. All the targeted key informants participated in the study.
Key informants were interviewed face-to-face using an interview guide. Each interview took an average of 45 min and solicited the views of the key informants on (i) their understanding of currency exchange rate fluctuations, (ii) effect of currency exchange rate fluctuations on funding levels and health service delivery and (iii) how the effect of currency exchange rate fluctuations is mitigated. Extensive notes were taken during the interview after which post-interviews were conducted with each key informant aimed at validating information from the initial interview and for further reflection. Ultimately, a total of 12 interviews were conducted, and all the six key informants participated in both the initial and the post-interview.
Operational definitions
This article defines aid effectiveness in the health sector as the extent to which DAH contributes to achieving health systems goals, improved health service delivery, and health outcomes. Aid effectiveness can be affected by a number of factors, including volatility and predictability. Our hypothesis is that currency exchange rate fluctuations contribute to volatility in DAH and financial instability; and this leads to unpredictable aid flows that ultimately affects aid effectiveness. The operational definitions of the key terms used in this study, as adopted from the literature, are listed below.
Commitment. A firm obligation, expressed in writing and backed by the necessary funds, undertaken by an official donor to provide specified assistance to a recipient country or a multilateral organization (OECD 2011a, p.18).
Disbursement. The release of funds to or the purchase of goods or services for a recipient (OECD 2011a, p.18). (Pycroft and Martins 2009, p 
Volatility of aid. Periodic variations in aid disbursements
.1).
Predictability of aid. Difference between aid commitments and disbursements within a year, annually, or in the medium term (Pycroft and Martins 2009, p.1) .
Quantitative data analysis
This study analyses the effects of currency exchange rate fluctuations at two levels: (i) MoH level-when donors disburse health funds to Zambia and (ii) District level-when the MoH disburses the same donor funds to districts. Exchange rates of the US dollar (US$ ) to the Zambian Kwacha (ZMK) 1 and other major currencies were obtained from University of British Columbia's currency exchange rate service. 2 A currency exchange rate is the price of one currency in relation to another. The rate can be influenced by a number of factors, including inflation, a country's current account/ balance of payments, terms of trade etc. However, the effect of these factors on the currency exchange rate is felt at the time when the currency exchange is done and not over time. As such, the calculations below use nominal exchange rates and reflect changes in annual on-budget donor funding from donors to the MoH and changes in monthly disbursement of on-budget donor funds from MoH to districts. The data were not normalized for the impact of inflation and other economic factors.
Disbursement of funds from donors to the MoH
The MoH receives donor funds in US$ and then holds it in US$ denominated accounts at various commercial banks in Zambia. But, a number of donors disburse their funding to Zambia in non-US$ currencies (see Table 1 ), and, therefore, changes in the exchange rates between non-US$ currencies and US$ can affect the volume of funds received by the MoH in US$ . The formula below was used to calculate changes in the volume of funds received by MoH in US$ for each financial year due to fluctuations in the currency exchange rate between non-US$ currencies and US$ . The analysis was conducted on an annual basis, as this resonates with the financial year (January-December) that is used in Zambia. Furthermore, in line with the Zambia health SWAp disbursement procedures, donors were disbursing funds to the "basket" biannually in March and September each year in equal amounts during the period under review (1997-2008) .
where V MoH is the change in the volume of US$ donor funds available for the same volume of non-US$ donor funds disbursed by donors due to annual changes in the exchange rate between the non-US$ currency and US$ F is total annual funding amount as disbursed in the non-US$ currency. The amount is calculated from the received US$ amount using the AverageRate.
AverageRate(Y) is the average nominal exchange rate, from a non-US$ currency to US$ . The average rate is calculated using the monthly average rates for the months of March and September of year Y.
Disbursement of funds from MoH to districts
The MoH disburses funds from US$ -denominated accounts held at various commercial banks to all districts nationwide each month. Funds are exchanged from US$ to ZMK each month after which a needs-based district resource allocation formula (Chitah and Masiye 2007 ) is used to allocate the funds to each district. This means that district funding can be affected by changes in the US$ /ZMK exchange rate each month. Thus, changes were calculated in US$ to reflect the cost of buying the ZMK each month to facilitate disbursement of donor grants to all districts nationwide. And in line with the district resource allocation formula, the MoH is supposed to disburse equally sized monthly grants to districts. Therefore, the US$ cost of the January disbursement was compared to the US$ cost of each monthly disbursement.
Where V District is the change in cost in US$ to fund monthly ZMK disbursement of donor grants due to monthly changes in the US$ to ZMK nominal exchange rate.
F is total monthly funding amount in ZMK as disbursed by MoH.
FXRate(Month) is the average monthly nominal exchange rate from US$ to ZMK.
Qualitative data analysis
Information that was gathered from the key informants was analysed using a deductive approach as provided by Zhang and Wildemuth (2009) who suggest that deductive analysis is useful for examining an existing concept. This is because the study was building on an existing body of work on the effect of currency exchange rate fluctuations on aid volatility from previous studies, namely, Bulí r and Hamann (2008), Gottret and Schieber (2006) and Hudson and Mosley (2008) . In line with the interview guide that was used, the study had three (3) main themes or units of analysis. These were 'knowledge', 'impact' and 'mitigation' of currency exchange rates fluctuations. However, attention was also given to subunits of analysis ('location'-headquarters or district level, 'reliability' and "transparency") in order to enhance the analysis. Responses from the interviews were coded by the first author after which discussions were held with the other authors to validate the work. Consequently, sentences and paragraphs with similar meaning within and across the interviews were aligned to each of the three themes and analyzed within the coding units. The purpose of using sentences and paragraphs was aimed at enriching the interpretation of research findings by reflecting actual expressions or views of the key informants.
Results
Total volume of funds received from donors Table 1 shows the total amount of on-budget donor funds disbursed to the MoH over the period [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] [2008] . During this period, a total of 26 external donors disbursed their funds to the MoH through the government system, particularly through the 'basket' funding mechanism. The total amount of on-budget donor funds that the MoH received over the period 1997-2008 was about US$ 558.8 million (in 2000 terms).
The results further show that only 26% of the funds were committed in US$ , while the remaining 74% of the funds were committed in currencies other than the US$ . The largest non-US$ currency, representing 31% of funding over the period 1997-2008, was the Euro (EUR), while the second largest non-US$ currency was the Swedish krona (SEK), representing 22% of the total funding over the period 1997-2008. In Figure 1 , funding from all on-budget donors from Table 1 support from direct health sector support by some of the donors (Chansa et al. 2014) . The abovementioned results suggest that currency exchange rate fluctuations between non-US$ currencies and the US$ can affect the volume of US$ funds disbursed to the MoH. Since the MoH makes central-level procurements in US$ for ambulances, utility vehicles, medical equipment, medicines, vaccines and other medical supplies, an exchange rate loss in non-US$ currencies against the US$ leads to a drop in the volume of US$ available, and this can lead to a reduction in the quantity of goods purchased outside the country. While the Zambian government tries to cover the exchange rate loss by providing some ZMK, the quantity of US$ that the ZMK can buy is also affected by the US$ /ZMK exchange rate. Furthermore, with limited financial resources, the Zambian government doesn't fully cover the difference. This was observed by one of the key informants:
Variations in funding from donors to the MoH
'For medicines, medical supplies and other goods purchased outside the country, changes in the US$ /non-US$ exchange rate affects the quantity of goods purchased. Likewise, changes in the US$ /ZMK exchange rate affects the quantity of medical supplies and goods purchased outside the country. For example, the debt for medicines at MoH has accumulated over the years partially due to the depreciation of the non-US$ currencies and the ZMK against the US$ . This is because framework contracts with international suppliers of medicines are signed at specific amounts in US$ , and therefore, the MoH automatically incurs a debt when the stipulated quantity of medicines are supplied but the resources available are inadequate. This further affects subsequent procurements, MoH-supplier relationship, and medicines supplies in the country.' MoH official, Accounts Unit In-between and within the years, fluctuations were particularly large over the periods 2000-2001, 2005-2006 and 2007-2008 . These fluctuations have an effect on the monthly disbursements from the MoH to the districts as depicted in Figure 5 , which illustrates quantity and percentage gains/losses in the amount of US$ used to purchase the ZMK. As indicated earlier, the MoH receives funds from donors in US$ , and these funds are maintained in US$ -dominated accounts. Given that there is a block ZMK amount that is sent to all the districts each month, there is a monthly gain/loss in the amount of US$ that is used to funds districts due to changes in the US$ / ZMK exchange rate.
Variations in funding from the MoH to the districts
The results show that a large amount of US$ was lost by the MoH when converting the US$ to the ZMK over the period under The results in Figure 5 were further validated through key informant interviews. The year 2006 is particularly notable in that the US$ depreciated against the ZMK which resulted in exchange rate losses that affected funding at district level. Key informants observed that losses in funding contribute to suboptimal resource allocation and planning, erratic supplies of key inputs and poor service delivery. However, exchange rate gains also pose some challenges in resource allocation, planning and absorption of financial resources.
'In early 2006, the ZMK appreciated significantly against the US$ . All of a sudden, the Central Board of Health (CBoH) was forced to sell more US$ than before and this depleted all monies disbursed into the "basket" by donors. The situation was mitigated the following year in 2007 when the government was forced to increase its contribution to the "basket" six-folds. Appreciation of the ZMK in 2006 also affected several aid agencies and NGOs. One key aid agency was forced to retrench nearly 50% of its workforce due to the appreciation of the ZMK against the US$ .' Former MoH official, Donor Coordination Unit -Department of Policy and Planning 'Fluctuations in the US$ /ZMK currency exchange rate has had an impact in the provision of health care services at various levels. When the actual US$ /ZMK exchange rate falls below the exchange rate used at the time of budgeting, it has resulted in the MoH reducing funding to primary health care facilities. The effect of this has been a reduction in quality and overall health outputs due to a decrease in the number of outreach services and inability of health facilities to buy basic commodities. Even when the government wants to make adjustments in response to a decrease in funding, it is difficult to shift money on short notice from one budget line to another. On the other hand, exchange rate gains also make it difficult for the MoH to predict, plan, and utilize resources'. MoH official, Provincial Health Office
Mitigating against funding losses/gains due to fluctuations in US$ /ZMK exchange rate To mitigate against variations in funding due to fluctuations in the non-US$ /US$ and US$ /ZMK exchange rates, key informants indicated that the MoH has since the 1990s implemented some measures aimed at reducing the negative impact. This includes (i) creation of a buffer of reserves in US$ that accumulated over time to cater for district grants for six months, (ii) negotiating with commercial banks on a monthly basis for favourable US$ /ZMK exchange rates to acquire as much ZMK as possible, (iii) entering into long-term funding commitments with donors and (iv) increasing timeliness by disbursing 'basket' funding in two disbursements twice a year in March and September. Some of these measures have also been documented by other authors (MoH 1991 (MoH , 2006 Chansa 2009 ).
'For a number of years, the ZMK depreciated which allowed the CBoH to sell less US$ for the same monthly funding to the districts and hospitals. The savings made from currency exchange rate gains were used to create a buffer of US$ in reserves equivalent to six-months district grants'. Former MoH official, Donor Coordination Unit -Department of Policy and Planning 'Since the establishment of the CBoH in 1996, authorities bargained with commercial banks for favourable US$ /ZMK exchange rates because it was one of the biggest seller of forex to commercial banks. The CBoH used to obtain a minimum of three quotations from different commercial banks for the US$ / ZMK exchange rate, and then sell the US$ to the commercial bank with the best offer'. MoH official, Accounts Unit Despite the abovementioned measures, key informants revealed that mitigating against currency exchange rate fluctuations, particularly losses in funding, has been a huge challenge. This is because it is difficult to make accurate forecasts on future currency exchange rates, and to hedge against future risks. This problem is compounded by the fact that hedging against currency exchange rate fluctuations in the public sector is restricted by the Zambia Public Finance Act and Financial Regulations. For instance, the key informants stated that public money (including donor funds disbursed through the government system) cannot be invested in interest-earning accounts or other investment ventures. Ultimately, the MoH has very limited options to hedge against currency exchange rate risks.
'Though the MoH still bargains with commercial banks for favourable US$ /ZMK exchange rates, effectiveness of this system in mitigating currency exchange rate risks is minimal. A new policy by the Central Bank restricts the range within which commercial banks can peg the currency exchange rate. Thus, it is now virtually impossible for commercial banks to offer the MoH favourable US$ /ZMK exchange rates. Nowadays the MoH simply sells the US$ to the commercial bank which holds its US$ account to avoid transaction costs of transferring money from one bank to another'. MoH official, Accounts Unit 'To guarantee fixed and timely disbursements at district level, the MoH can hedge against future currency exchange rate losses by converting all available donor money into ZMK at the prevailing rate immediately it receives it. But such an arrangement can create audit queries if the ZMK depreciates against the US$ in the future, unless there is a prior agreement with donors'. Ministry of Finance official, Accountant General's Office
Discussion
This article reviewed the effect of currency exchange rate fluctuations on volatility in DAH and how it affects predictability of DAH and aids effectiveness. The results show an overall loss of US$ 13.4 million during the entire period under review (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) which is equivalent to US$ 1.1 million per annum at the MoH level. At district level, the monthly average loss was estimated at US$ 302 214 per month during the period under review. Decrease in funding affects allocation of resources, as it is difficult to shift money on short notice from one budget line to another. This view is supported by Gottret and Schieber (2006) who contend that volatility in funding has a negative effect on resource allocation given that budget reallocations are asymmetrical, i.e. it is easier to increase budgetary allocations than to cut spending. However, currency exchange rate losses and gains both may have a negative effect on resource allocation as revealed in this study and supported by Pycroft and Martins (2009) .
At MoH level, currency exchange rate losses due to changes in the non-US$ /US$ exchange rate reduces the volume of funds available and quantity of goods that can be purchased outside the country such as ambulances, utility vehicles, medical equipment, medicines, medical supplies and so forth. This is because payments are made in foreign currencies (primarily US$ ). On the other hand, losses in the US$ /ZMK exchange rate reduces the quantity of money available and goods and services purchased within the country at all levels-particularly at district level. This is because US$ /ZMK exchange rate losses deplete the quantity of monthly operational grants which the districts use for the provision of outreach services, fuel and transport, office supplies, emergency drugs and so forth. Therefore, appreciation of the ZMK against the US$ can lead to decreased availability of the ZMK, reduced funding to districts and this can hamper service delivery. On the contrary, depreciation in the ZMK against the US$ can lead to increased funding at district level, although timely utilization of the extra funds to enhance service delivery is not always feasible. Difficulties in utilizing large increases in DAH in low-income countries has been highlighted by previous literature (Debrun et al. 2006; Gottret and Schieber 2006) , with suggestions to address this problem by targeting the additional funds to areas, where implementation capacity is sufficient to absorb additional money (Debrun et al. 2006) .
Given the large volume of DAH in Zambia, fluctuations in funding and expenditure can lead to reductions in the health workforce and provision of outreach services as observed by the key informants. This is corroborated by Lane and Glassman (2007) who note that volatile aid can make it difficult to retain staff in the health sector and to provide effective treatment. Further, volatility in sectorspecific aid can cause policy failure and disrupt long-term economic and social development (Fielding and Mavrotas 2008) . Apparently, DAH in Zambia fluctuates more than government funding, and this has made it difficult to achieve health system goals (Achoki and Chansa 2013) . This phenomenon has also been observed in other studies, which show that total aid is more volatile than domestic fiscal revenues and that aid disbursements are procyclical (Bulí r and Hamann 2008; Pycroft and Martins 2009) .
To avert problems associated with currency exchange rate fluctuations, it is important for recipient governments to work with external development partners in designing and implementing viable mitigation measures. The results show that Zambia has since the 1990s implemented a number of mitigation measures, but these measures have not adequately addressed the problem. For instance, a significant appreciation of the ZMK against the US$ in 2005/ 2006 that was associated with debt relief under the Heavily Indebted Poor Countries initiative (Roger et al. 2017) led to a huge loss in funding at district level, and the buffer of reserves was depleted by 50% after a month (Chansa 2009 ). Furthermore, a study by OECD (2011b) also finds limited evidence that longer term donor commitments improve budget performance in the health sector. Among the key reasons why there is no viable strategy for mitigating against fluctuations in currency exchange rates in Zambia is that the existing regulations on public finance management do not permit reinvestment of public finances and/or to hedge against financial risks.
This study calls for both the Zambian government and donors to devise viable strategies to mitigate against currency exchange rate risks. On the Zambian side, focus should be on short-and long-term determinants of the ZMK and their implications on the currency exchange rate. For instance, a recent study by Roger et al. (2017) shows that the main drivers of exchange rate fluctuations in Zambia are copper prices and money supply. Therefore, the Zambian government should closely monitor fluctuations in the capital account, trade balance, copper prices and activities of the Central Bank in the foreign exchange market. The government may also consider hedging against currency exchange risks by committing some of the donor funds to financial markets through insurance, forward contracts and options as recommended by Chansa (2009) . For this to materialize, the Zambian government should amend the Zambia Public Finance Act and Financial Regulations to facilitate reinvestment of public finances. On the other hand, the international donor community could assume the costs for hedging against currency exchange risks.
Limitations of the study
Aid volatility can also be influenced by other factors such as political and budgetary decisions by donors, administrative delays by donors and/or recipient countries and noncompliance with agreed conditionalities (Gottret and Schieber 2006) . Furthermore, quality of recipient institutions and policies, macroeconomic stability and reliance on a small number of donors can also affect aid effectiveness (Fielding and Mavrotas 2008) . To minimize the effect of other causes of volatility in DAH, the period 1997-2008 was used. This period was associated with high political and technical commitment, a large number of donors and significant volume of DAH and good relationship between the MoH and the donor community (Chansa 2009 ). The Zambian economy was also stable while a floating exchange rate regime that was introduced in 1994 was also operational (Roger et al. 2017) . Furthermore, the global financial crisis of 2008/2009 did not affect the health sector in Zambia as the country continued to receive substantial amounts of DAH in 2008 (Ndulo et al. 2010) . While some donors suspended DAH to Zambia in the second half of 2009 due to a corruption scandal (Usher 2010 ), the year 2009 was excluded from the study to avoid distorting the results. On the other hand, regular fluctuations in the US$ /ZMK exchange rate during the period 1997-2008 (Roger et al. 2017) served as an opportune time to undertake the study.
The other limitation of the study is that district-level staff and donors providing DAH to the health sector in Zambia were not part of the key informants. Thus, views from district-level staff and donors are not reflected in the analysis. This limitation was mitigated by including a member of staff from one of the provinces (regional level) who had in-depth knowledge on the health system at district level. Furthermore, a representative from the Accountant General provided adequate information on donor funding to the health sector. Finally, the study excluded off-budget donor funds in the analysis. While off-budget donor support as a share of total DAH is significant, the bulk of these funds were earmarked for HIV/ AIDS, Malaria and TB and not on the general health system. Therefore, excluding off-budget donor support may not change the overall conclusions of the analysis. Further, at district level, onbudget donor funding is substantial, and, therefore, the conclusions made may not change even if off-budget donor funds are included in the analysis. Nonetheless, future studies should evaluate differences in aid volatility due to currency exchange rate fluctuations between on-budget and off-budget donor funds in order to increase specificity.
Conclusion
This study shows that fluctuation in currency exchange rates can affect volatility in DAH, and this can affect predictability and effectiveness of DAH. Currency exchange rate fluctuations contribute to periodic within-year and year-on-year variations in DAH which leads to losses or gains in the volume of DAH that is eventually disbursed or used to purchase goods and services in the health sector. High volatility makes the flow of DAH unpredictable and can disrupt health service delivery. Donors and recipient governments can mitigate the consequences of currency exchange rate fluctuations, but measures must be put in place during the design and implementation of aid programs. Future research should compare volatility between on-and off-budget donor funds and degree of volatility due to changes in timeliness of disbursements. 
